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ABSTRACT: Strong heat waves in the past decade and resulting legal cases which gave full responsibility for 
indoor thermal comfort to building professionals lead to an increased uncertainty how to maintain thermal 
comfort in offices without the use of a cooling system. Adaptive thermal comfort standards such as EN 15251 
and Ashrae Standard 55 provide methodologies to evaluate comfort in naturally ventilated spaces. Based on a 
parametric study for a typical cellular office in the context of Athens, Greece, and using the building simulation 
software EnergyPlus, this study investigates the potentials for the applicability of natural ventilation in a 
Mediterranean climate. The Ashrae Standard 55 and EN 15251 adaptive thermal comfort models are compared 
in this context, and conclusions are drawn how the use of natural ventilation based on adaptive models can be 
further encourgaged.    
Keywords: adaptive thermal comfort models, comfort limits, exceeding criteria, occupant behaviour, weather 
data
1. INTRODUCTION  
After the occurrence of strong heat waves in the 
past decade in Europe and predictions for further 
temperature increase, the question how to maintain 
comfortable temperatures without increasing related 
greenhouse gas emissions has become a major 
challenge for building professionals. This refers 
especially to office buildings in warm climates, where 
internal heat gains tend to be high and occur at the 
same time with solar heat gains. 
For naturally ventilated buildings, adaptive 
thermal comfort standards like EN 15251 [1] and 
Ashrae Standard 55 [2] provide a method to evaluate 
the acceptability of room temperatures. They are 
based on field studies in real buildings [3, 4] and 
relate comfort limits to feedback from the outside 
climate. When the adaptive comfort criteria cannot 
be met, the evaluation according to a static model is 
recommended, which implies the use of an additional 
cooling system. Due to legal cases where building 
professionals have been given full responsibility for 
overheating, a tendency towards an installation of 
cooling systems can be observed in the past decade. 
Nevertheless it remains unclear in how far this is 
predominantly a measure towards legal safety rather 
than a question of comfort.  
Additionally, in the context of comfort prediction, 
especially when using building simulation, results are 
not only depending on building design, but also 
strongly influenced by the chosen weather data set, 
and the assumed occupants or tenants and their 
preferences and behaviour. This indicates that not 
only building professionals but also occupants have 
a potential and responsibility for improvement.  
This study therefore aims to evaluate the 
influence of building design, occupants and local 
climate variability on adaptive thermal comfort in 
naturally ventilated offices. It is based on a 
parametric study for a typical cellular office room in 
the context of Athens, Greece, using the building 
simulation software EnergyPlus. For thermal comfort 
evaluation this study compares the two adaptive 
thermal comfort models which can be applied in 
Greece. EN 15251 to which the national building 
code refers for thermal comfort evaluation in public 
buildings and Ashrae Standard 55 which is 
applicable world-wide.
Conclusions are drawn how the use of natural 
ventilation can be encouraged in Mediterranean 
climates, through the application of adaptive thermal 
comfort models. 
2. SIMULATION MODEL 
2.1. Weather data for Athens, Greece 
Due  to  the  increase  of  greenhouse  gas  
emissions  within  the  last  decades,  projections  of  
the Intergovernmental Panel on Climate Change [5]  
for the 21st century predict a global warming of about
0,2°C per decade for the next two decades.  
In Greece a sudden increase of the frequency of 
occurrence of particularly hot days as well as the 
duration of heat waves was observed [6] within the 
last decade. This supports indications from literature 
[7], that common weather data sets, like test 
reference years, which are based on data from the 
past, are likely to underestimate of overheating. For 
this reason weather data sets including climate 
change scenarios or the heat island effect are 
desirable, but were not available for the location of 
Athens. Therefore, based on measured temperature 
data for the average year 2005 and the hot year 
2007 related weather data sets have been generated 
using the software Meteonorm [8]. Both years are 
representative for the past decade, 2005 reflecting a 
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typical year and 2007 a hot year with three major 
heat waves. 
2.2. Building design 
The investigated office room is a typical cellular 
office in Athens, Greece, with a room depth of 5,4m, 
a facade width of 3,5m and a room height of 2,7m. 
The facade is facing south, with a centrally located 
top hung window which can be manually operated by 
occupants. For this basic configuration three different 
building design variations have been developed in 
order to reflect different priorities on the real estate 
market (table 1): 
The “prestige” variation follows current 
architectural fashion, with the fully glazed facade and 
internal shading as a symbol for a transparent 
company policy. Low-e glazing improves solar 
protection, light internal walls provide reversibility of 
the floor plan, and a false floor construction flexibility 
regarding furnishing. A suspended acoustic ceiling 
provides acoustic comfort and an advanced lighting 
system supports the representativeness of the 
interior and contributes to the luxury level of the 
office.
The “low cost” variation is designed to provide 
maximum profit for rent or sale on the real estate 
market. Initial costs are kept to a minimum, by using 
a solid instead of a curtain wall facade, standard 
instead of low-e glazing, a standard instead of an 
advanced lighting system, and screed instead of a 
false floor construction. Light internal walls provide 
both, low initial costs and reversibility of the floor 
plan, and a suspended acoustic ceiling provides 
acoustic comfort. 
The “green” variation is designed to improve 
thermal as well as visual comfort and reduce the 
related energy consumption and running costs to a 
minimum. An overhang, external shading system and 
low-e glazing provide protection from solar heat 
gains, and a large window area allows for high 
daylight levels.  
An advanced lighting system is used to minimise 
energy consumption. A solid facade, solid internal 
walls, a screed floor and an uncovered ceiling 
provide maximum mass to increase the thermal 
robustness of the building. However additional 
measures to provide acoustic comfort might be 
necessary and the floor plan is not reversible.  
2.3. Technical systems 
For this study the use as an architectural office is 
assumed, which requires computer work as well as 
reading tasks for plans and drawings. Two different 
room related lighting design variations have been 
developed for the specific office room using the  
lighting design software “Relux” [9]. The standard 
variation has a installed lighting power of 21,3W/m² 
and the advanced variation of 13,1W/m². Both fulfil 
the requirements of DIN EN 12464-1 [10]. 
The heating system assumed in this study is a 
typical configuration for the Athens context based on 
natural gas, with a coefficient of performance (COP) 
= 0,85.
2.4. Ideal and worst case scenario for occupant 
behaviour 
In order to emphasize the range of influence of 
occupants in real buildings a worst case and ideal 
scenario has been developed for this study. These 
scenarios differ between parameters on a company 
and an individual level, based on the use in an 
architectural office. The ideal scenario represents 
from comfort and energy point of view the optimum 
use, the worst-case scenario the least optimized use. 
The scenarios are described in table 2.
Table 1: Characteristics of the building configurations
Building configurations 
configuration 1, “prestige” 2, “low initial costs” 3, “green” 
Thermal mass Light Medium heavy 
Window area 100% 20% 70% 
Glazing Low-e  Standard  Low-e  
shading internal venetian blind Interior venetian blind Exterior venetian blind 
overhang no no 1m 
Lighting system optimised standard optimised 
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Table 2: Ideal and worst case scenario for occupant’s influence
3. RESULTS 
3.1. EN 15251 and Ashrae 55 in comparison 
Figures 1 to 3 show a comparison of the 
percentage of working time when the requirements of 
the different comfort categories according to EN 
15251 and Ashrae Standard 55 are met. The 
comparison shows, that none of the investigated 
configurations of building design and occupant 
behaviour meets the comfort criteria in EN 15251 or 
Ashrae Standard 55. The only exception is the green 
building in combination with ideal occupant 
behaviour and the average weather data, which 
meets the requirements for EN 15251 category III 
when applying the 5% exceeding criterion. 
 
Figure 1: Comparison of different adaptive thermal comfort 
standards and categories, green variation 
The highest percentages of working time meeting the 
comfort criteria of the standards can be observed for 
EN 15251 category III for all configurations. Second 
highest values apply for EN 15251 category II, 
except for the green building with ideal occupant 
behaviour when Ashrae Standard 55 with 80% 
acceptability has a higher percentage of comfortable 
working time. The third highest percentages of 
working time meeting the comfort criteria can be 
observed for Ashrae Standard 55 with 80% 
acceptability, except for the green building in 
combination with ideal occupant behaviour. The forth 
largest percentage of working time when comfort 
criteria are met can be observed for EN 15251 
category I, with the exception of the green building 
combined with ideal occupant behaviour. And fifth 
largest or lowest percentages of working time 
meeting the comfort criteria apply for Ashrae 
Standard 55 with 90% acceptability, again with the 
exception of the green building in combination with 
ideal occupant behaviour. 
     As can be expected, for most building 
configurations and both comfort standards, the ideal 
scenario with average weather data lead to highest 
percentage of working time meeting the comfort 
criteria, followed by ideal scenario + hot weather 
data, worst case scenario and average weather data. 
Lowest percentages occur for the worst case 
scenario in combination with the hot weather data 
set. However a deviation can be observed for the 
green building in combination with ideal occupant 
scenario. For both weather data sets comfort 
percentages according to EN 15251 category I are 
lower than for the worst case scenario (figure 4). This 
is caused by operative temperatures exceeding the 
lower comfort limits for low outside temperatures. 
The largest difference between the ideal and 
worst case scenario occurs for the low cost building 
design. This is related to the fact that this variation 
has a small window in a solid wall, which results in a 
lower overall thermal transmittance (u-value) for the 
facade compared to the other variations. When no 
night ventilation is applied, as for the worst case 
scenario, this lowers the possibility for cooling of the 
room by heat exchange via the closed facade. 
Worst case and ideal scenario for use of office equipment, ventilation, blinds, and lights 
Influenced on  parameter  worst case scenario ideal scenario 
company level Office 
equipment 
- With desktop computers (352W) 
- no possibility to disconnect office 
equipment from power supply 
outside office hours (40W) 
- With notebooks (82W) 
- possibility to disconnect office 
equipment from power supply 
outside office hours (0W) 
ventilation - no night ventilation possible - night ventilation possible 
Level of 
individual 
occupants 
Use of blinds - blinds closed all day  
(passive user) 
- slat angle 10° (no view) 
- blinds opened + closed according 
to glare or heat protection  
(active user) 
- slat angle 45° (limited view) 
Use of lights - light on during working hours 
(passive user) 
- light on/off according to daylight 
(active user) 
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Figure 2: Comparison of different adaptive thermal 
comfort standards and categories, low-cost variation 
Apart from the low cost configuration, the green 
building is more affected by different occupant 
behaviour than the prestige variation. This is caused 
by the high level of solar protection which minimizes 
solar heat gains so internal heat loads (especially 
office equipment) become the predominant influence. 
 
Figure 3: Comparison of different adaptive thermal 
comfort standards and categories, prestige variation 
Figures 1-3 indicate, that all variations are quite 
sensitive towards changes of the weather data set. 
When using the hot instead of the average weather 
data set, thermal comfort percentages decrease up 
to 13%. The influence of the weather data set is 
strongest when internal heat loads are low (ideal 
scenario). Additionally, when night ventilation is not 
applicable (worst case scenario), the influence of the 
weather data set is more strongly depending on the 
level of protection from solar heat gains and the 
facade insulation. Overall the green building variation 
has highest percentages of working time meeting the 
comfort criteria, but is also most sensitive towards 
weather data changes. 
3.2 Exceeding hours and comfort limits 
Figure 4 shows a comparison of the Ashrae 
Standard 55 and EN 15251 comfort limits over the 
course of the year, together with the operative room 
temperatures for the green building with ideal or 
worst case occupant scenario. For a better 
readability of the picture, for EN 15251 only the 
comfort limits of category I and III are shown.  
The comparison of the comfort limits between 
Ashrae Standard 55 and EN 15251 reflects the 
different outside temperature reference in both 
standards. EN 15251 refers to the exponentially 
weighted running mean of the daily mean external 
temperature, and thus reacts to outside temperature 
changes on a shorter time scale than the Ashrae 
model, which is reflected in the distribution of the 
upper and lower limits. The Ashrae 55 adaptive 
model in contrast is based on the mean outdoor 
monthly air temperature, which leads to a smoother 
distribution of temperature limits compared to the EN 
15251 model. 
Another obvious difference between both models 
is, that upper as well as lower comfort limits 
according to EN 15251 are significantly higher than 
those of Ashrae Standard 55. For the investigated 
climate, the upper limits of EN 15251 category I are 
in the same ballpark compared to the upper limits of 
Ashrae Standard 55 with 80% acceptability. And the 
lower limits of EN 15251 category III are as a first 
approximation comparable to the lower limits of 
Ashrae Standard 55 with 90% acceptability.  
The investigated green building configuration 
exceeds the comfort limits of both standards mainly 
in winter and in summer. Compared to Ashrae 
Standard 55, EN 15251 allows for higher 
temperatures during summer, whereas Ashrae 
Standard 55 allows for colder temperatures during 
winter. It can be concluded, that the fact that comfort 
criteria are not met, is not only due to overheating in 
summer, but to a large extent also due to exceeding 
of the lower comfort limits in winter.  
 The distribution of the comfort limits for both 
standards is interesting in the context of the 
operative room temperatures. Figure 4 shows two 
sets of operative room temperatures for the green 
building design, one with an ideal occupant scenario 
and the other with the worst case scenario. 
Temperatures for the worst case scenario are 
approximately 2-3 K higher throughout the year than 
for the ideal scenario mainly due to different use of 
office equipment and lighting.  
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Figure 4: Distribution of comfort limits for EN 15251 and Ashrae Standard 55 and operative room temperatures for the green 
building configuration 
4. DISCUSSION 
Section 3 compares the EN 15251 with the 
Ashrae Standard 55 adaptive thermal comfort model 
for the climate of Athens, Greece.  
The comparison shows that is it almost 
impossible to meet the criteria of the two models for 
the investigated configurations of building design and 
occupant behaviour, because comfort limits are 
frequently exceeded. However this does not only 
refer to the upper limits and related overheating but 
to a large extent also to exceeding of the lower limits. 
Common interpretation of the exceeding criteria  
however, mainly refers to the upper limits.  Thus 
exceeding hours are likely to be considered 
overheating hours. Most of the investigated 
configurations would still not meet the comfort criteria 
in both models when only the exceeding hours of the 
upper limits would be taken into account. 
Nevertheless a separate evaluation of exceeding 
hours of the upper and lower comfort limits might be 
helpful for thermal comfort evaluation based on the 
two adaptive models. Upper limits indicate a risk for 
overheating, and a possible need for an additional 
cooling system, whereas the lower limits refer to 
winter conditions and the use of the heating system. 
Both adaptive models have been designed to 
support the application of natural ventilation with 
focus on summer conditions. However just the 
number of exceeding hours without a differentiation 
concerning upper and lower limits might give an 
incorrect picture of the thermal conditions in summer 
and could lead to an overestimation of the need for 
air-conditioning.        
Ashrae Standard 55 is supposed to be applicable 
world-wide and EN 15251 within Europe. Thus both 
standards can be applied in Greece, however the 
definition of the range of comfort temperatures in 
relation to outside conditions differ significantly 
between both models. As mentioned in the standard, 
the EN 15251 adaptive model is based on a limited 
database for temperatures above 25 degrees, so 
further investigation in a Mediterranean context could 
be helpful to validate the comfort limits. Especially 
the lower limits of EN 15251 category I are frequently 
exceeded for the investigated variations. However a 
field study [11] indicates that temperatures which the 
standard considers cool where perceived 
comfortable in real buildings, so a rethinking of 
comfort limits for the standard was suggested. 
Figure 4 illustrates the variability of operative 
room temperatures depending on the ideal or worst 
case occupant scenario. The magnitude of variability 
is significant and could lead to a different comfort 
classification according to EN 15251 or Ashrae 
Standard 55 just based on different occupant 
behaviour. This corresponds with other findings [12], 
where a significant adaptive resilience of occupants 
also led to the conclusion that strict temperature 
standards might be inappropriate and a more flexible 
evaluation strategy focused on the specific building 
more suitable. For the green configuration it can be 
observed, that during winter the worst case scenario 
with higher internal heat loads is actually beneficial 
for thermal comfort evaluation due to increased room 
temperatures caused by heat loads from office 
equipment and lighting. A large magnitude of 
variability can also be observed in figures 1-3 for the 
use of different weather data sets (average vs. hot) 
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for the location of Athens. These effects should be 
considered when evaluating the influence of 
occupants on thermal comfort evaluation.  
5. CONCLUSION 
Adaptive thermal comfort standards like EN 
15251 and Ashrae Standard 55 are a useful tool to 
evaluate comfort in naturally ventilated buildings and 
to provide target values for operative temperatures 
based on field studies in real buildings. This paper 
addresses some key difficulties concerning the 
application of the adaptive models: 
 For the Mediterranean climate in Athens, 
Greece, it is very difficult to fulfil the criteria of 
the adaptive thermal comfort models according 
to EN 15251 and Ashrae Standard 55. In 
practice it can therefore be legally safer to rely 
on air-conditioning rather than on natural 
ventilation. A comment in the standards, how to 
deal with exceeding hours of different 
magnitude and to differentiate between 
exceeding the upper and lower limits could be 
helpful to support the applicability of natural 
ventilation in buildings. 
 The investigated configurations of building 
design and occupant behaviour led to different 
comfort classification according to EN 15251 
and Ashrae Standard 55. Further validation 
concerning the comfort limits in a 
Mediterranean context could be useful. 
 This study shows, that the percentage of 
working time meeting the comfort criteria 
according to EN 15251 or Ashrae Standard 55 
varied up to 10% depending on the climate data 
and up to 30% depending on occupant 
scenarios. This contradicts with the strict 
comfort limits as defined in EN 15251 and 
Ashrae Standard 55, which suggest a very high 
level of precision in terms of thermal comfort 
predictability. The introduction of a certain level 
of comfort negotiability in adaptive thermal 
comfort standards might be helpful, to take 
advantage of the individual range of adaptive 
possibilities in a specific building. This could 
support the application of natural ventilation in 
buildings as well as the satisfaction of 
occupants.
 When predicting adaptive thermal comfort by 
using building simulation, the results should 
refer to the weather data set and occupant 
behaviour the study has been based on, and 
provide information concerning their likelihood 
for variability due to different influences. 
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